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Effects of Cr, V and RE additives on microstructures and
properties of super extra coarse and extra coarse cemented carbides
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Abstract: Taking the advantage of the large mean free path of the binder phase and the coarse WC raw material, the
behaviors of Cr, V, Cr-RE and V-RE additives in super extra coarse and extra coarse WC-Co alloys were investigated. It
included the microstructure, physical and mechanical properties of the alloys and the nano indentation mechanical
properties of the cobalt binder phase. The results show that in these alloy systems, the alloys with Cr additive are
characterized with homogeneous microstructure, super extra coarse WC grain size and high toughness. With the
independent addition of Cr, the nano indentation hardness HV,,,y of the cobalt binder phase of the alloy can be increased
by 20.5%. The addition of V can result in the polarization of the WC grain sizes and the substantial decrease in toughness.
The effect of RE (mischmetal) in small amount on the behavior of Cr, V in the alloys is insignificant. The magnetic
coercivity and hardness of the alloys as well as the elastic modulus of the cobalt binders are insensitive to the composition
of the alloys.
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PB4k, I Cry Vo Lo S48 BAT 0 AR i
s < h WC b E IR, Cry V. Ln £EE40
vy 5 AL it 5 5 <3 S A i A 2R RO S
WC i A KA HIAT A R B AAE 2R A N RTE

1.1 ERE55€HEIZ

KRR N 32.1 pm. RS ERED )
H9 6.14%1 WC K5, ZRERIEEN 1.02 pm. LMk 2 5k
13.26%1 CrsCo Ky, FRECKIE Ny 1.05 um. BB 0
18.19%[) VC ¥, RE-65%Co(RE: #7ff% La. Ce.
Pr. Nd FIRGH L) TG GH DL 24 Ik, o
RE-65%Co Tl &5 4k FHAE M s A, 3k HIAE
WC-Co Ml & Ikl e B a iy Wik 1. &4k
GEE I IR E PN IAT, BRARIEA 1430 °C, PRk
IFIE2A 90 min; fERRZ RIS 60 min, $'N Ar
SEJIh 5.6 MPa.
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Table 1 Composition of alloys (mass fraction, %)

Alloy No.
1 WC-8.4Co
2 WC-8.4C0-0.4Cr3C;
3 WC-8.4C0-0.4Cr3C-0.05RE
4 WC-8.4C0-0.4VC
5 WC-8.4C0-0.4VC-0.05RE

Composition

I R 2= T R AE+0.1 kA/m HIZKF. FERE A 4
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Palmqyvist i 245142 50 (1) TH 510
Kie=AH*(FIYL)* (1)
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hy e PR R R IR SR K, mms A4 N EL
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PR 2 PR L£1.5 MPa-m 2P,

TE—E YN, 4 QR RE R IR DL A R IR F 4
K FEFS 5t nA8ear 5 IEAH OGO R o X ) Pk A ot & 4
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T BIME A 39.9 MPa-m " i 544 A I ) 3
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Fig. 1 SEM images of polished section of
alloys: (a) Alloy 1; (b) Alloy 2; (c) Alloy 3;
(d) Alloy 4; (e) Alloy 5
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R2 AEWRZUIE 1 RE A WC kAN
Table 2 WC grain sizes (dwc) of alloys and numbers of WC
grain (nyc) shown in Fig. 1

Alloy No. dyc/pm (1 000X)  dwc/um (500X) e (1 000X)

1 10.2 12.2 140
2 8.2 10.5 190
3 8.9 11.5 175
4 7.5 9.9 248
5 7.4 9.6 259

R3 oM AR

Table 3 Physical and mechanical properties of alloys

AI\III(?.Y (kﬁi“) HRA I—li/}];:/ (MII’Zi;”Z)
1 2.9 85.6 9304 -
2 3.0 85.6 9339 -
3 3.0 85.6 9 055 -
4 3.1 85.8 9379 17.29
5 3.1 85.6 9271 18.36

s A 13 YRR B IR A AR AT 7 A ] A
L, ASRETHS Palmquist Wik, B 2 Bk
490 N Ziff FA4x 2 FE S i 4E RIS R IR . AR =rdk
i T 4 PO RE s SRR A1 A TCR SO U RF R T A0, WS
B Co i 524 4.8%11) CrsCyy AL RHAGEWINE
MW BRAG. FHR 3 mTA, SNy Co 4141 4.8%
1 VC, &Mt ER K. X% Ve 98464
s WC SR H L B4 IS DA G . Ve &
BT A I PR — I AR R 4 T 5
RO RIEET B, LR 22 1.15% 41,
T8 S BES 4 MPIMEREIN T 6.2%. FM 15 S, Ca
SR TG BATIR RO SE A5 BE M, aTLUET, R
HAHAL WC/Co FHEIIRE. AL, WS DI & i
T EASEES SRR, 848 WC-Co )& 4:
ff) Palmqist Wi 249 MM H 7 7~25 MPa-m'? 2 [i]™,
Co i H 0 8%~9%I 1t 4 WC-Co )5t 15 42 1)
Palmqvist WrZ4H) 138 # 75 10~17 MParm'? Z [i]t'), 4R
W44 Palmquist WA PEAE(>17 MPa-m"?)a] LL#]
Wr, &< 4 M5 HARJE T mItES 4. R 3 T4, 5
P& EFomRE S . BEEE(HRA 5 HV)Z [A]ff 22 745
FESYHTRIR ZEZ N o el o Bk s bk ok Fet v
o B AN WA, R R AN T T8 e Bl BE D RN, 1
T B AN WA, R IR AN T 1 e ) 2 45 T i i)
Ftifl. K, WC/Co FrHIE R Z . SR IR

B2 &2 fileEkiim Hvs SR
Fig. 2 Vickers indentation (HVs) images of alloy 2: (a) Full

view; (b) Local view
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Fig. 3 Nano indentation load—unload curves of Co binder

B4 R Co K ANAK IR

Fig. 4 Typical image of nano indentation on Co binder
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Table 4  Elastic modules and nano-indentation Vickers
hardness of Co binder
Alloy No. E/GPa HV,.w/MPa
1 244.1 5 804
2 250.5 6995
3 2474 6718
4 246.5 6 150
5 244.1 6083

i Co RE S A AR T IRAE B B R Reasy, Hrh &4 3
A4 2. B4 SBES 4 KT 4%H 1%, B
AR B AZAE 43T 15 2230 Bl 2 N o Co Kl 225 A i 1k A i
X A AN R IR S A SOk s
SRR B E T G R R, A
B R FE IR B A RESE AR A SR . DRI, B
PEAR LS — AN SR G AN RIUR 1) 24 1 e e b,

55 VAHLE, Cr £ Co KA kg v FE A 20 D
I, Cr X Co HIEH AR KT V X Co f I 51k
AR [F SRR T [ 22 572 R BT E X Co
R AR P R S IR S8 PR S 00 17 A 50k 5 22 7 1 T 22
Do LSRR B b Co REZAHIF 2 A
HIREEON, R G PR P2 g i A 2 S R o
SR £ S AR B 5 6 L A i, [RLLE, Co R4 AH
M 2 PRI i A M) T el P A i PRI 5

3 i

1) ERRHL SRS SR, VC KRR
B P S iobn AR R, A 4 WC kL
KANHIL BRI S CrsCy X WC ik AR K
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1M VC A4 B3 ARG S 101

3) Cr;Co I i 2542 542 v Co K& AHANK
FEIRMERE, VC I R E Co Kl 45 AHANK e I A 52 5
Co i &5 FH S A T 25 4 Bl AR AL AN UK

4) EIRAH L RE XV Al Cr EA & IEH
T RREMANE . RERRER, e ) S0 X 4
SR AR AN

it

AT A 45 5 Bt R AR o2 4R A TR )
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